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Ion exchanger fluoropolymere containing metallic aggregates In the reein or at the 
surface, and a process for producing them. 

The Invention Is related to a composition oomprlalng metalllo 
aggregates and at least one Ion exchanger fluoropolymer, and 
particularly In the form of membranes charged with 
aggregate In the resin and that can be dreeeed with several 
leyera of polymer that contain aggregates. Theee products 
are obtained by Irradiation of membranes or fluoropolymer In 
a solution containing the metallic lone that are to be reduced. 
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Description 

TflB pvnuajioER FLUOROPOLYHERS CONTAINING METALLIC AGGREGATES IH THE 
SelN lYll Znl swlci) AND A PROCESS FOR THE PRODUCTION THEREOF • 

The present invention oonceras ion exchanger fluoropolymers 
containing metallic or multimetallic aggregates in the mass or 
IZtn ^instead of resin, the French original document throughout 
III text uses a more generic word, maybe, namely mass. (T.R. - 
RM»rk(s) l or at the surface, and a process for making 
tnern! ^SL^^^nM* a radiolytic reduction of metallic 

8alkS ihese products are useful as solid electrolytes or as 
membranes for the separation of gases. 

The U.S. patent No. 4,629,709 describee aggregates of non- 
noble metals in colloidal solutions that contain polyvinyl ^lf° ho *; 

A new composition has now been found comprising metallic or 
multimetallic Aggregates and at least one f luoropolymcr. io » 
exchanger f luoropolymer preferably contains groups of au^tlx! 
carboxylic acidsf this is for instance a product of the P°g™£z*- 
tlon of a perf luorvinyl ether containing groups of sulfonic or 
carboxylic Lids, or of the copolymerixation of this ether with any 
copolymerirable product, for example styrene or divinyl 

P The metallic or multimetallic aggregates are small particles 
of metel, for example of dimensions in the order of one nanometer 
to one hundredth of e nanometer. . . . 

Advantageously, the aggregates of the present ^ention have 
an average diameter smaller than 50 nm, and preferably *>«tween 0 6 
and 10 nm. The aggregates of the invention may be o£ the mono- 
dispersed type^ ^ composed of one or several »Jtals. It 
can be one or several noble metals, or one or several no *1« 
and one or several non-noble metals, or one or several non-noble 

W * tal The aggregates may also be a mixture of a ggregate s of one 
metal 1 and 9 of aggregates of on; metal 2. ^J^^^ £ 
aggregates can be monodispersed. Metal 1 and metal 2 may eacn oe 
a 9 mixture of one or several metals as def ined above This means 
that it is possible to have aggregates of one metal or of one alloy 
and aggregates of another metal or of another alloy in one ion 
exchan^Vfluoropolymer. It is possible without departing 't**** 
scope of the invention described and claimed herein to have 1 a 
mixture of aggregates of a metal l, metal 2 ... metal n ? each one 
of the metals 1, 2 ... n being defined as above. . 

By noble metal is meant any metal whose redox P ot «»^J; 9 
positive: for example gold, iridium, platinum, rhodium, ruth enium, 
ISladlum, mercury f silver , osmium copper . . . The ^n- noble metal 
is therefore the one which does not meet the P r .°J 3 * d ^ "i cerium 
and examples thereof are nickel, cobalt, iron, sine, antimony, tin, 
bismuth, lead, thallium ... 
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n.«~„ »r ea rdtao to the invention may present itself 
The composition ^"^Son % r ln the solid form suck us a 
ift the form of a ff l ^f a **** is in the form of a dispersion of 
membrane. The coll oid ^ f luoropolvmer in the presence of a 

aggregates in the ion any suitable solvent among these 
5 solvent. This "he dimethyl formamide (DMP) / or * 

£S2°irS;r a'nd SSfi?. 'Vheacoho 7 ! employed is preferably 
anabatic alcohol ^^^Sr ; hat is used in the 

nan * d Th. thic^ss'of 'the membrane may be optional but preferably 

5 7 ^ l ^d 10 I wei=W of the ion exehwg.r fluoropolymer. , 

include different euco.eeive layer, of ion « »enw 9« "^d on th« 
30 containing metallic or multimetellic aggregates -ther of the two 

moabrene. Ihea. layer, «• « the ° o£ „. riou8 

membrane faeee, end the metal or metals of aggregate. 

l.yors may be different. . th -.~br.Be eorfaeo or 

™* V*;t. Vi«.re»t l.yen of ?Lowpe".er adhering to the 
35 SS^i^^J^SS aw/p? o P f membrane and pref.ra- 

M * ^I%re»r^°tM.o a procee. for preparing 

the above described compositions. solution of at least 

contact with the «™>2£ aid o" ionizing radiation, for 
through irradiation with the aid 01 lou " i ' * ™ma-raye, or 
instance through irradiation by maans of x-rays or gamma y 
even accelerated particles. 



-3- 
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of salt or salts vt i £ talX *° s £„ elV in, th. fluoropolya-r in a 
prepared, for instM.ce Dy i thereto the motollie iona to b. 
ueter/nloohol »i«ur. and b T a 5 » lc ohol i. u.jd and 

reduced. Advantage oueiy , *„ rbon at om« . The alcohol can 

11' ^?.c y .d'%y mother "polar »l«nt, for axa.pl. th. di-tk- 

'U- - t»o »et.l itaelf a folate of alcalino 
"^V. .o 0 ^n^t%«io. 0 >nh^^t.Vlic ions to be reduced 

Liyme™ Vthls solution it advantageously lower than 30% by 
weight and preferably between 0.1 and 10%. metallic 
The solution containing the f luoropolymer and the **t B ^ c 
ions to be reduced 18 advantageously de-aired befor. irradiation 
for example by splashing or spraying [P«9^ ? ? t&^JJlutien 
nitrogen, argon or by applying "g^^^^J^gtSoF^ 
is adjusted, between the values ^^^^J^^T^^f^^ij 
metal salts. In the case of non-noble metals the pH is prexerao y 

higher than 7 reduCtlon yiald i« progressively improved the 

hi»h«r the oH . It can be adjusted, from case to case, with a 
hvdrox ill o/ an alcaline metal or with dissolved 
Y Upon activating the compositions in their acsbranj form, pre 

the form of Na* by wetting < appro*. 

THours) in a HaOH 20 g/1 **^on, ^onia to eliminate lS 
wetting In a concentrated solution of ammonia to eixmrn 

BCidi Se"eSJane is impregnated with j^STiS 
the a aolution oontaining one or several salts of the metallic 

" ^SSe^so^en^T/'the solution is a solvent « mixture of 
suiteSe stents blowing the dissolving of ^« metallic salt o 
salts as well as bulging , of the ^* Ju* 

ffl tf Ur % or Sne^ro! If ^tSS^ot the membrane . The alcohol 
allows for the control ox w« -^i„-„*. xdvantaaeouslv , an 

can be substituted by another suitable solvent . *» v& »"« •?* J'_ 5 
emphatic alcohol is used and preferably an alcohol that has 



carbon atoms 
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45 



^ a solvent that can be the seme as the 
5 brane may be wetted in a S ° A ™» th bu i gin g of the membrane 

solution of metallic ions. In that way the n g g aelecting 

i. adjusted If s i8 t SLr migratloi, inwardly 1- favored 

a solution of metallic cations, ™* r " 1b preferably obtained a 
and during the *adiOlytiC ^uo^on ^~j^™V Z \ a so lution 
10 deposit or sediment in the resin and at toe t * aad in tbe 

of anions is meewd, « *X*e i* favored. In addition the 
. superficial layers o f the ^ is greet. For the 

bulging is 8ubfita ^ n^cedure is lit saW but 9 with inverted 
anion membranes the procedure i» 

15 oharges. , ov .«t- tir - io during this immersion, the more 

°' * fc LSS«ffiS , 2? Sr»£b«n. also facility th. 

20 produotion ol bulky •99^«*V' , lB the so lution my attain 
M,. =o»«»ttati.a «*alli= ion s in th. « ^ . eXub f ut f 

S;i£5 .7t AJSUKS^ e^U. .AS 5 

-~£r rssra -lissssfs^ "Sir* ss 

iu „tfon « J^^^S^S^^S. -'"-nt 23 

duration is a function t^«™>ur« of the impregnation, 

— *..inr. «»lt in tha composition, temperature or cn» 

- t. 

M ""Jar solution i. pr.f.rably d.-nlr.d b.fo« th. r.diolytic 
" " aUC ^°;.d i0 lytic ytald can 



" • 1 Ta.°». B bran. ia-TMd in th. solution of ».ta ll"^'. £ 
solution of ..talUe ion. and fluoropo 1^ f^n then 

ZJS^tt^LZ^^ 2- ^y'tic £6 «du=tion 

i i a 1 1 2 m 1 am «n 



the metallic ions. 
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x-r.ye or accelerated P?"««" «i. S,Sd» betweea the fusion »d 

^^U^^^^SSSi. U . function of the 
tretionaod nature of the metallic ions to be reduced, nature of 

th ' 8 £nV,."a1,d?or ^^f^rVog^ate, incre... with the 

**semblv is then exposed to ion radiation as previously » 

S ^van?ageously! the solvent is a wa t«r/ alcohol mixture; pH 
can be adjusted so as to cause a localised precipitation of the 
metallic ions in the membrane (in the form of hydroxide for 
sample ) , ana to thus preclude their subsequent t}-** 1 ™™*^*^ 
membrane! Said precipitation can also be achieved by adding a 

9Uit ^ht. C var^;%vSdeV for the acquisition of aggregate, that 
are unif 5aS? dSt5b»t*d in the entire resin of the membrane. The 
diameter Tf the aggregates are then controlled by the bulging and 

dOS ° rfter^^olytic reduction the membrane iB rin-d in dis- 
tilled water and dried. It is ^nUj M in an inert 
^m^Tohnrn or in a primary vacuum in a dtsiccntor. 
atmosphere, or ^in . p g e a composition according to the 

invention that ?s in the colloids! form, by dissol ving one or 
several compositions according to the invention that are in cne 
solir foW for instance a membrane containing metallic or 

raUlti ;dvaniage:uIi;?^s takes place under inert atmosphere during 

th - nruVo-°»ibl. to use any solvent of ^^SS^^^ 
mars, advantageously solvents such as dimethyl formamide or water 

alcohol -i™. ^ obtaiQ ooll , MMgM * 

metalUc or multimetallic aggregates ^ tm^ltS ^S^d 
mer in two different ways, by reduction of gallic c £*;jJ u _ 
in a solution of metallic salts and fluoropolymers or by 
tion of a composition comprising a f luoropolymer and metallic 

a " r0 ? n rcolloidal solution, obtained by one of the two described 
methoas can be arrayed and dried on ion exchanger membranes. 



AUG 14 2002 09M4 FR HAMILTON SUNDSTRAND 860 654 2614 TO 88607272399 



P. 08/18 



BP 0 309 337 Al 
The drying of the colloidal solution can be »"<°"» d ot 

■^Auiarence »»y b. improved by heat treatment, under preeeur. if 
S ° d, ;tn d i..t-m. nt io M d proce.e can be rapped g^tggg 

ST!£tai>14 th. me"tal ~ a different metal can also be 

co * i ;r.^ 0 p~««\r 6 o*.i;s« «. iu-w- 

lie »99«9««; 9(> d „ eclbod iB th. invention allow, te * 

generation* e? metallic or multimet.llic adgr.g.t.e 

lemperaturo, in the resin or at the surface of the ion exchanger 

£luoropoly».r S . gener at.d by r.diolytic reduction of 

..talSc aal't. 'dia.olvmd In an •MT^lts^rf'.c. Bill 
con.tffiV. ».ta°l tb c e r d n^Vof 'mSals with 

^Zhi-.nel the Quantity of metal Incorporated, and the siae Olecrj. 
butt" of 'egSreVete. «. controlled bf th. different parameter* of 

th " '^"proee*. alao .Ileus for th. generation 

t^s^srs^^TJsS& of rJSiSS-x. 

deposit o£ metallic aggregates at the * u ™"' in _ -applications: 
P a vari-nt of the process ** 7 load to_ Lnter. ^1^^°^ b# 
the f luoropolymer incorporating the metallic a^ggreg * ldal 
dissolved in a suitable solvent (DMF . ..) to OD*ai» 

solution of the metal or the met *\ lic * ll ??\ , Hv lrra dlation of 
This colloidal aolution may also be obtained by \" adl ?*" n b ^ 
a solution mixed of f luoropolymer and metallic salt in a suitable 

S ° 1V# ; n 'the.e two cases the polymer in solution acts as surfactant. 
The following examples illustrate the invention. 
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EXAMPLE 1 

A membrane of NAFION 117 (trade mark of DO PONT DE NEMOURS and 
denoting a f luoropolymer of this kxndt) 




= 1,2,3 



OCP 2 CP 2 S0 3 H 



^.t^/tthJoWx^i volu«e> of dissolved 

"""a: ~»br.n. is then ""di.t.d by s«~-«,. of eobajt «0, 
durin, 20 hours, 1- the solution A that ha. del. of 

„i P(l j "w- Boravlncr with nitrogen. The dosing rate ana ^*»<* 

pXatiau. n«o.| r J|Jt«- h „ ge of platlnuI „ ln the „«bra». is 0.3* 

microscopy, of sections of the n *^ r "".^^ rf P t P cial deposit (20 
thickness, show on the one hand a l^J**™^ T incorporated 

The distribution Is the following: 

0 < p < 1 fin 3 < D < 25 nn 

1 < p < 3 jm 1.5 < D < 10 nm 
3<p,5fJitt 0.6 < D < « n« 

P < 5 jim 0.6 < D < 1,5 nm 

60% of the total platinum charge is between the membrane surface 
and 1 pm of depth . 
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gyHMPLB 2 

A M »br.n. o£ HAFIOM 117 C=h.»ic.l equivalent «.l 9 M - 1100. 

3KE"S ^tSJS^i'SK^' by vol-.) of dissolved 
10 — -br«. is then i«S^ r &2K'SS« <5S'»>i 

50.4 Mrad, «»P« ot . i rtt„ -iased In distilled water and dried under 
15 . JZi'£ b S££^?Z?*» characteristic brown color of 
iridium nnnoaggregates . uniformly dispersed in the 

The ^t» dl S«t:f «rie. ".t«Stn ™ 6 y .nd a*-. «—g ««- 

„e«brene. Their diemeter vari o . b and 1.5 nm. 
20 «° rSTUS. i"2?£"oh.ra. is 1% bv weight. 

F.VAMPLE 3 

2S & -embren. o£ nrxo. JW ^j^^g&i "iTa 

*SS3Ul32*a «i5.«TM until the brown coloration 
hftfl disappeared. .^kanoed in the form of Na* in a 

3„ solution „T5SMo^^-«. - «-» " lth 

5 X 10- 2 moles/liter and PdCl^ J * * t. 10% bv vo lume) . 

olmt, a ^^/IVJF^JI?^^ 1 ^-^ of cobalt 60, 
35 it is than irradiated f or h ours_ °* » 1Q% b * volume) . 

" 4 "xni ^r.n S f: 0 tb« 1 ri'«.ed with di.tilled wt.r and dried in 
40 a str.« o,nltro 9 .n. It ha. a g.*^ dt . tr ibut.d in 

the ^S^SS^^^^ 1 ^ 401 h *"'" alS, °' ter 
between 4 and 7 nm. oorformad over sections of the mem- 

The electronic diffraction periorm aaqrecatea have a 

45 brano of a PP rox. 50 nm thickness ^ shows that %\***%l tim *t*Z* of 
" structure CFC, the mesh [ring? chain' link (T. UJ^ 

whi ch are ttoH^loW lrt^ of tn corrftBpoilding to the 



so 



W hich are those of ^VamenVe^ ring 7 corresponding 
diffractograms show supplementary rings 
defined compounds Cu 3 Pd and CuPd. 



-9- 
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EXAMPLE 4 

A membrane of NATION 117 (chemical equivalent weight = 1100, 
thiokness = 160 pm) is degreaaed to F113, then boiled in a 
water/ ethsnol mixture (70:30% by volume) until the brown coloration 
has disappeared. 

The membrane is air-dried, then immersed and irradiated for 14 
hours by means of gamma- rays of cobalt 60, in a solution de-aired 
by meana of nitrogen and containing H 2 PtCl, (J 10"* moles/liter with, 
for solvent, the water/ethanol mixture (70:30% by volume). pH has 
been previously adjusted to 6.5 with sodium. 

She dosing rate and the dose of irradiation are 0.25 Mrad/hour 
and 3.5 Mrad, respectively. 

Upon drying the membrane has a metallic reflection. The 
micrographies show that the deposit is localized mainly at the 
surface across a thickness of 0,12 /m. This deposit is constituted 
of aggregates whose diameters range between 1 and 5 nm. The 
average charge at the surface is 6.2 mg per cm 2 of membrane. 

Aggregates having a diameter between 0.6 and 2 nm are 
distributed in the resin of the membrane with a content of 0.03% by 
weight . 



EXAMPLE 5 

A membrane of NATION 117 (chemical equivalent weight * 1100, 
thickness = 180 jim) is degreased to F113, then boiled in a 
water/isopropanol mixture (60:40% by volume) until the brown color- 
ation has disappeared. It is once again rinsed with distilled 
water. 

The membrane is then immersed for 20 hours in an aqueous 
solution of AG,SO, e 10 -3 moles/liter, pH - 6. 

It is thereafter irradiated for 1 hour 15 minutes by gamma- 
rays of cobalt 60 in a water/isopropanol mixture (80:20% by volume) 

at PH The 6 dosing rate and the dose of irradiation are 0.54 Mrad/hour 
and 0.7 Mrad, respectively. 

The membrane is rinsed with distilled water and dried with 
nitrogen. It has the characteristic yellow color of silver 

nanoaggregates. _ . 

The aggregatea are uniformly distributed in the resin of the 
mambrane with a portion of 0.04% by weight. The diameter of the 
aggregates varies between 0.6 and 10 nm. Among them 70% have a 
diameter between 4 and 6 nm. 

EXAMPLE 6 

102 mo (3 cm 2 ) of the metallized membrane in Example 5 are cut 
up in squares of 1 mm 2 and dissolved in 2 ml of DMF at 60»C. The 
colloidal solution of silver aggregates thus obtained is drxed at 
110°C on the sulfonic face of a membrane of HAITI ON 902 (20 cm ) . 

-10- 
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The composite layer NATION 117 /silver aggregates thus obtained 
has a thickness of approx. 25 pm with a silver content of O.Q4% by 
weight. 

5 EXAMPLE 7 

A solution containing 4.3% by weight of dissolved NATION 117 
and H 2 PtCl 6 § 5 X 10"* moles/liter is prepared, with a water/ethanol 
mixture (99,9:0.1% by volume) as solvent. This solution is de- 
10 aired with nitrogen, then irradiated for 2 hours by gamma-rays of 
cobalt 69. 

The dosing rate and the dose of irradiation are 0.25 Mrad/hour 
and 0.5 Mrad, respectively. 

A brown colloidal solution of platinum aggregates is obtained 
15 having a diameter between 0.6 and 3 nm. 65% among them have a 
diameter between 1 arid 2 nm. 

A 2.5 ml sample of this solution is taken and dried on a (10 
cm 2 ) NAFION 117 membrane. The layer obtained has a thickness of 
appro*. 50 pm and contains 0.23% platinum by weight. 

20 

EXAMPLE 8 

A membrane of NATION 117 (chemical equivalent weight. = 1100, 
thickness = 180 jnrt) is degroased to F113, then boiled in a 
25 water/ethanol mixture (70:30% by volume) until the brown coloration 
has disappeared. 

It is dried, then immersed for 22 hours at 25° C in a solution 
I containing Niso, $ 10" 1 moles/liter, HC0ONH4 8 5 X 10" 1 moles/ liter 
and 1.2% by weight of dissolved ammonia, with a water/ethanol 
30 mixture (90:10% by volume) as solvent. The solution pH is 9.9. 

The membrane is then irradiated for 40 hours by gamma-rays of 
cobalt 60 in the solution I that has been previously de-aired by 
spraying with nitrogen. 

The dosing rate and the dose of irradiation are 0.61 Mrad/hour 
35 and 24.4 Mrad, respectively. 

The membrane is then rinsed with distilled water and dried in 
a stream of nitrogen. It has a metallic reflection. 

The micrographies obtained through electronic transmission 
microscopy, and taken of sections of the membrane having approxi- 
40 mately 50 nm thickness, show on the one hand a small superficial 
deposit of 0.13 /im thickness constituted by metallic aggregates of 
a 3 - 10 nm diameter, and on the other hand the presence of nickel 
aggregates of a 3*8 ± 2 nm diameter down to an 8 }im depth from the 
membrane surface. 

45 The deposit at the surface conducts electricity. The average 

charge at the surface is 2.5 mg per cm 2 of membrane. 



50 
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EXAMPLE 9 

A membrane of MAFION 117 (chemical equivalent weight = 1100, 
thickness « 180 jm) is degreased to F113, then boiled in a 
water/ethanol mixture (70:30% by volume) until the brown coloration 
has disappeared. 

It in dried and then immersed for 22 hours at 25° C in a 
solution II containing MifiO t @ 10 _1 mole/liter and HCOONa (? 5 X 10" 
mole/ liter with a water/ethanol mixture (70:30% by volume) as 
solvent. The pH-value of the solution II, initially being 6.8, 
diminishes to 5.6 by the end of the impregnation. 

The membrane is then irradiated for 40 hours by gamma-rays of 
cobalt 60 in the solution II previously de-aired by way of spraying 
with nitrogen. The dosing rate and the dose of irradiation are 
0.61 Mrad/hour and 24.4 Mrad, respectively. 

It is rinsed with distilled water and then dried under 10" 
Torr in a desiccator. 

The membrane has a very intense brown color characteristic of 
metal nanoaggregates such as nickel. 

The micrographies obtained through electronic transmission 
microscopy show that the aggregates of nickel are dispersed across 
a depth o£ 15 jot in the resin of the membrane and that 7 0% among 
them have an average diameter of 23 ± 5 nm. 

The average charge by weight of nickel in the membrane is 

0.05. 

EXAMPLE 10 

A membrane of MAFION 117 (chemical equivalent weight = 1100, 
thickness = 180 Jim) is degreased to F113, then boiled in a 
water/ethanol mixture (70:30% by volume) until the brown coloration 
has disappeared. 



It is dried and then immersed for 4 hours at 80°C in 



a 



solution III containing NiSO. «5X 10" 1 mole/liter and HCOONa <3 5 
X 10" 2 moles/liter with a water/ethanol mixture (80:20% by volume) 

as a solvent. , . . ___ 

It is then dried and immersed for 10 minutes in a solution in 
containing HCOONa e 1 mole/liter with a water/ethanol »i* fc « ro 
(90:10% by volume) as a solvent. The pH of the solution III has 
been previously adjusted to 11.5 with a concentrated solution of 
NaOH. 

The membrane is once again dried and analyzed with a spectro- 
photometer UV-VI6 to control the precipitation of Ni(0H) 2 in the 
resin of the polymer. . + tfn 

It is then irradiated for 34 hours by gamma-rays of cobalt so 
in the solution III previously de-aired with nitrogen. The dosing 
rate and the dose of irradiation are 0.3 Mrad/hour and 10.2 Mrad, 
respectively. The membrane is then rinsed with distilled water and 
dried under nitrogen. 



-12- 
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It has the brown characteristic color of nanoaggregates of 

metals such as nickel. 

The micrographies show that the aggregates of nickel are 
uniformly dispersed in the resin of the membrane and that they have 
an average diameter of 3 ± 1.5 am. 

The charge by weight of nickel in the membrane is 0,01%. 

EXAMPLE 11 

A membrane of NAFIOM 117 (chemical equivalent weight * 1100, 
thickness = 180 pm) is degreased to ril3, then boiled in a 
wnter/ethanol mixture (70; 30% by volume) until the brown coloration 

has disappeared. , 

It is dried and then immersed for 5 hours at 50 °C in a 
solution IV containing MiS0 4 6 2 X 10" 1 mole/ liter, CuSO^ @ 10" 
mole/liter and HCOOMa 8 10' 2 moles/liter with a water/ ethanol 
mixture (80:20% by volume) S6 a solvent. 

The membrane is then dried and immersed for 10 minutes in a 
solution IV containing HCOOMa 0 10 moles/liter with a water/ethanol 
mixture (60:40% by volume) as a solvent. The pK of the solution IV 
has been previously adjusted to 12.1 with a concentrated solution 
of KaOH. 

The membrane is once again dried and analyzed with a spectro- 
photometer UV-VIS to control the precipitation of Ni(OH) 2 and 
Cu(0H), in the resin of the polymer. 

It is then irradiated for 63 hours by gamma-rays of cobalt 60 
in the solution IV previously de-aired with nitrogen. The dosing 
rate and the dose of irradiation are 0.61 Mrad/hour and 38.4 Mrad, 
respectively. The membrane is then rinsed with distilled water and 
dried under nitrogen. It has a dark red color. 

The micrographies show that the aggregates are uniformly 
dispersed in the resin of the membrane and that they have an 
average diameter of J i 2.5 na. 

The electronic diffraction shows that the aggregates have a 
structure CFC with a mesh parameter equal to 0.357 ± 0.003 nro (3.57 
± 0.03 A [Angstrom units] which corresponds to solid nickel/copper 
solutions of 20% - 80% by copper atoms. 

The charges by metallic weight of copper and nickel are 0.054* 
and 0.043%, respectively. 

A membrane of NAFIOM 117 (chemical equivalent weight = 1100, 
thickness = 180 pm) is degreased to F113, then boiled in a 
water/ethanol mixture (70:30% by volume) until the brown coloration 

has disappeared. -co,. 4„ a 

It is dried and than immersed for 2 hours at 25 i«C in a 
solution V containing H16Q 4 J 5 X 10" 2 moles/liter, 
mole/liter and HCOOMa @ 10" 2 moles/ liter with a water/ethanol 
mixture (80:20% by volume) as a solvent. 
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The membrane is then dried and immersed for 10 minutes in a 
solution V containing HCOONa 9 5 x 10 _1 mole/liter with a wa- 
ter/ethanol mixture (05:13% by volume) as a solvent. The pH ol the 
solution V has been previously adjusted to 11.8 with a concentrated 
solution of NaOH. 

The membrane is once again dried and analyzed with a spectro- 
photometer UV-VIB to control the precipitation of Ni(OH) 2 and 
Cu(0H) ? in the resin of the polymer. 

It is then irradiated for 15 hours by gamma-rays of cobalt 60 
in the solution V previously de-aired with nitrogen. The dosing 
rate and the dose of irradiation are 0.3 Mrad/hour and 4.5 Mrad, 
respectively. , . . . 

The membrane is then rinsed with distilled water and dried 
under nitrogen. It has a brown color characteristic of nanoaggreg- 
ates of these two metals. 

The micrographies show that the aggregates are uniformly 
dispersed in the membrane and that they have an average diameter of 
3.7 ± 1.7 nm. 

The charges by metallic weight of cobalt and nickel are 0.002 
and 0.003%, respectively. 

EXAMPLE 13 

A solution vi containing 0.84% by weight of dissolved NATION 
117, Pb(C10,) ? 3H,0 81.2 X 10"* moles/liter and HCOONa 0 1.8 X 10" 
moles/liter with, for solvent, a water/etbanol mixture (86:14% by 
volume) is prepared. ^ 

The solution VI is de-aired by spraying with nitrogen and then 
irradiated for 17 hours by gamma-rays of cobalt 60. The dosing 
rate and the dose of irradiation are 0.33 Mrad/hour and 5.6 Mrad, 
respectively. 

The result is a subcolloidal solution of brown, yellow color 
containing 2.9% of the weight of the polymer as metallic lead. 

A drop of this solution diluted 20 times is dried on a rack 
aad examined by means of electronic transmission microscopy. The 
observed lead aggregates have a diameter of 2 ± 0.5 nm. 

A 5 ml sample of the non-diluted colloidal solution is taken 
and dried on the composite layer of NATION 117/Pt-aggregates of 
Example 7. The second layer obtained has a thickness of approx. 20 
fim and contains 2.9% load by weight. 

EXAMPLE 1A 

A solution vil containing 4.5% by weight of dissolved NATION 
117 and CuSO, 3 4.5 10^ moles l" 1 [per liter? ( I . R . ) ] with a 
water/ isopropanol mixture (98:2% by volume) as a solvent is 

Pr * P *A e solution VIII containing 4.5% by weight of dissolved NATION 
117 and Ag 2 S0< ? 2.4 10"* moles l" 1 with a woter/isopropenol mixture 
(98:2% by volume) as a solvent is prepared. 
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The solutions VII and VIII are de-aired by spraying with 
nitrogen and than irradiated for 54 minutes by gamma-rays of 
60? The dosing rates and the doses of irradiation are 0.95 
Mrad/hour and 0.86 Mrad, respectively, for solution VII, and 0.20 
Mrad/hour and 0.18 Mrad, respectively, for solution VIII. Two 
colloidal solutions are obtained: 

The colloidal copper solution of red color contains 0.063% by 
weight of metallic polymer of copper. The aggregates have an 
average diameter of 9.2 nm. , , ,,i 

The colloidal silver solution of yellow color contains ).11% 
by weight of metallic polymer of silver. The aggregates have an 
average diameter of 4.5 nm. "' . . 

0.4 ml of the colloidal silver solution and 3 ml of the 
colloidal copper solution are mixed under nitrogen. The result is 
a colloidal solution containing respectively 0.056% copper and 

0. 013. silver by weight of the metallic polymer. 

Patent Claims: 

1. A composition comprising metallic or multimetallic aggregates 
and at least one ion exohanger f luoropolymer . 

2. A composition as claimed in Claim 1/ 

characterized i n t h a t the aggregates have an 
average diamatsr smaller than 50 nm and are composed of one or 
several metals selected among noble and non-noble metals. 

3. A composition as claimed in either one of Claims 1 and 2, 
characterized in that the aggregates are a 
mixture of aggregates of a metal 1 and of aggregates of 

wherein metal 1 and metal 2 each can be a mixture of one or several 
metals selected among noble and non-noble metals. 

4. A composition as claimed in any one of Claims 1 - 3, 
characterised i nth at the composition is in a 

colloidal form. 

s A composition as claimed in any one of Claims 1-3, 

c h a rTflt e r i z e d in that the ion exchanger 

f luoropolymer is in the form of a membrane. 

6. A composition as claimed in Claim 5, 

c h a r a c terized in that the aggregates are 
distributed in the resin of the membrane. 

7 A =o«po.iti<» « el.l».d in «, t tn „ di „. t . s of the 

: 3 £r.y t e. :.ri.n a=to^r«g to nhnir localization d.pthwi... 
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3. A composition as claimed in Claim 5, 

rrharacterized in that the aggregates are 
distributed at the surface of the membrane 

) % A composition as claimed in Claim 5, 

characterised in that the aggregates are 
distributed at the surface and in the resin of the membrane* 

LO. A process for preparing said composition according to any one 
:>f Claims 1 - 5, characterised in that a 
solution of at least one metallic salt is brought into contact with 
:he ion exchanger f luoropolymer, ahd^ then, by implementing a 
radiolytic reduction of the metallic salt or salts. 

LI. A process as claimed in Claim 10 , 

:haracterized in that the solvent of the 
solution of metallic salts is a water/alcohol mixture . 

:2. A process for preparing said composition as claimed in Claim 
\, characterized by dissolving/ in a solvent, one or 
several compositions comprising metallic or multimetallic aggre- 
jates and at least one ion exchanger f luoropolymer « 

.3. A process for preparing said composition as claimed in either 
me Of Claims 8 and 9, characterized by depositing, 
>n the membrane/ a colloidal solution as claimed in Claim 4, and 
:hen implementation of drying followed, if necessary, by thermal 
:roatment > 

.4. A process as claimed in Claim 13, 

:haracterized in that the metal or metals of the 
iggregates of the colloidal solution are different from the metal 
>r metals of the aggregates that are possibly contained in the 
lembrane . 

.5. A process as claimed in either one of Claims 13 and 14, 
characterised by depositing one or several layers of 
?olymers on each face of the membrane, the metal or metals of the 
iggregates in each layer having the possibility of being different. 
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